yocardial infarction (MI) is now one of the most frequent causes of death in elderly subjects in Japan; in 1999 approximately 15,000 cardiac deaths occurred in Japan and the majority was related to myocardial infarction (MI). 1 Furthermore, among survivors of an acute MI (AMI), the incidence of a subsequent MI is increased 3-to 6-fold, and the risk of any cardiovascular event is as high as 80%. 2 Because patients with a previous history of cardiovascular events are at high risk for a future MI, 3 aggressive management, including risk factor modification, is mandatory in this patient group. [4] [5] [6] Considerable evidence indicates that a secondary prevention program to reduce cardiovascular risk factors can favorably affect cardiovascular mortality and morbidity. 7, 8 Although there are many available studies from North America and Europe regarding the risk factors for recurrent MI after the recovery from AMI, 9-11 little is known concerning the Japanese population. 12 Racial differences, including genetic factors, life style, and the environmental circumstances of the patients, will affect the factors that accelerate coronary atherosclerosis and advance to subsequent MI, so we evaluated the risk factors of a recurrent MI in Japanese patients after recovery from the first AMI.
Data Analysis
SAS software (SAS Institute Inc Cary, NC, USA) was used for data analysis. Student's t-test was used to compare the mean values in the elderly group for continuous variables, and the chi-square test with Yates' correction was used to compare the incidence of discrete variables between groups. Standard deviations are used for continuous variables. Multivariate logistic regression analysis with a forward stepwise algorithm was undertaken to evaluate the independent importance of the variables for repeat MI. Parameter estimation was done by the likelihood ratio method, and probabilities for removal and entry of factors were set at 0.10 and 0.05, respectively. The prevalence of re-infarction in the group with a risk factor was computed and compared with that without the risk factor.
Results
Of the 1,042 patients who were admitted with their first AMI, 233 were excluded for the following reasons: 55 because of in-hospital death, 108 because of unknown cause of death after discharge, and 71 because contact with the patient was lost. Therefore, 808 patients were recruited for analysis.
During follow-up of 3.2±4.3 years, MI recurred in 54 patients (re-MI group), and 754 patients remained free from a second attack of ischemia (non-reMI group). Table 1 shows the clinical characteristics of the subjects. Hypertension was considered to be present if there was an apparent history of high blood pressure regardless of medication, or if physical examination showed elevated systolic and/or diastolic blood pressure (persistently ≥140/90 mmHg). Dyslipidemia was diagnosed when any of the laboratorydocumented serum lipid concentrations on admission met the following criteria: TC ≥220 mg/dl, LDL-C ≥140 mg/dl, triglyceride ≥150 mg/dl, or HDL-C ≤35 mg/dl.
Age and gender distribution were not significantly different between the 2 groups. A similar ratio of the patients in the 2 groups arrived at hospital within 6 h of the beginning of chest pain. Successful coronary reperfusion (TIMI grade ≥2) was achieved by percutaneous transluminal coronary recanarization (PTCR), percutaneous transluminal coronary angioplasty (PTCA) or coronary stenting in 39% of the re-MI patients, and in 48% of the non-reMI group. The frequency was not different between 2 groups (p=0.19). PTCR, PTCA and coronary stenting were all carried out in similar frequencies between the 2 groups. Transient atrial fibrillation (AF) appeared within 48 h of admission in 7 patients (13.0%) of the re-MI group and 43 (5.7%) of the non-reMI group, a significantly higher incidence in the re-IM group. No significantly different incidence in chronic AF, defined as AF on admission and maintained throughout the hospitalization, was observed between the re-MI and non-reMI groups (11.1% vs 12.2%, p=0.81). Pulmonary congestion (Killip's criteria ≥2) appeared more frequently in the re-MI group (42.3%) than in the non-reMI (36.3%), and the maximum serum CK activity was lower in the re-MI group. The incidence of both hypertension and dyslipidemia was significantly higher in the reMI than in the non-reMI group. Approximately 72% and 64% of the patients, respectively, received angiotensin-converting enzyme inhibitor (ACEI) and/or aspirin at discharge, and the rates of each medication were not different between the 2 patient groups.
The results of multivariate logistic regression analysis are shown in Table 2 . Variables with an arbitrarily defined p<0.1 in univariate analysis were selected for entry into the model, and 9 of 21 variables met this criterion. Of these 9, only 3 were independent factors related to a subsequent attack of MI: (1) transient AF, (2) dyslipidemia and (3) previous cerebrovascular accident. The relative risks (RR) of these 3 variables calculated in the presence of other covariables were 3.16 (95% confidence interval (CI), 1.24-8.02, p=0.016), 2.19 (95%CI 1.20-4.01, p=0.011), and 3.05 (95%CI 1.38-6.74, p=0.006), respectively. Furthermore, we calculated the RR using the variables of TC, LDL-C, the ratio of HDL-C/LDL-C and triglyceride instead of dyslipidemia with other covariables. Because univariate analysis did not provide a difference in the HDL-C concentration of p<0.1 between the 2 groups, the serum HDL-C concentration was not included in the calculation. Of the measurements of serum lipid concentration, only the ratio of HDL-C/LDL-C, in addition to transient AF and previous cerebrovascular accidents, was related to a second ischemic attack; TC and LDL-C tended to be related to a subsequent MI, but the association did not reach a statistically significant level.
Discussion
It is fortunate for this study that almost all AMI patients in Iwakuni City and nearby towns are brought to Iwakuni National Hospital, which is the only hospital in this area for sophisticated treatment of cardiac infarction. Furthermore, more than 2-thirds of the patients attended the ambulatory clinic on a regular basis, which made follow up simple and easy.
In the present study of 808 patients, transient AF, dyslipidemia and previous cerebrovascular accident were related with an average increase of 3.16, 2.19 and 3.05 times, respectively, to the risk of subsequent MI. Although in our univariate comparison of 21 factors, 9 obtained entry into the multivariate logistic regression model using dyslipidemia, only 3 remained statistically significant by the forward stepwise method for predicting a recurrent ischemic attack.
Although many risk factors have been proposed for AMI, the established major ones are obesity, hyperlipidemia, hypertension, cigarette smoking and diabetes mellitus, 14, 15 and epidemiological studies have clearly demonstrated synergy of these risk factors. 16, 17 The present study confirmed that hyperlipidemia, especially a low HDL-C/LDL-C, was a significant causative factor of re-infarction after recovery from the first MI. TC and LDL-C concentrations tended to be related with the recurrence of MI but did not reach a significant level. The Miyake and Fukuoka Heart Study group proved that hypercholesterolemia was an important risk factor for the first MI in patients aged 40-64 years, but not in the elderly group over 64 years of age. 18 The mean age of the present subjects was 65 years and the age distribution may be the reason why the TC and LDL-C concentrations did not show a significant relationship with the recurrence of MI. Serum triglyceride and HDL-C concentrations did not correlate with re-infarction in this study. Although some investigations have shown that the serum TC has a predictive value for re-infarction in elderly persons with coronary heart disease, 19 others have observed that serum cholesterol levels determined after MI did not have prognostic value. 20, 21 Finding that the cholesterol measurements done during the acute phase after infarction have predictive value creates a problem, because cholesterol concentrations may actually fall spontaneously during this period. 22 Although we used data obtained within 48 h of the onset of MI to avoid the effect of the spontaneous decrease in cholesterol during the acute phase, the rapid fall in cholesterol concentration during this period may still have affected the results. Schlant et al 23 observed a significant inverse relationship of triglyceride concentrations to the 5-year event rate in survivors of MI, and a positive relationship between the serum triglyceride concentration and the 3-year cardiovascular mortality rate was reported by Frost et al. 24 No relationship of the serum triglyceride concentration to the incidence of re-infarction could be made in the present study because on average the serum triglyceride concentration was almost within the normal range, even in the re-infarction group. Although hypertension, cigarette smoking and diabetes mellitus are wellknown major factors, as shown in many epidemiological studies, our investigation failed to provide a role for these variables in the recurrence of AMI. A possible explanation is that both conditions were well controlled by diet and, when necessary, medications, and all the patients had stopped smoking after the first AMI. Another explanation is that different factors from those of the first MI are involved in the progression of the second MI in patients with preceding severe coronary sclerosis. Because we did not analyze the follow up data of blood pressure and blood glucose concentrations in the patients, we cannot explain the reason(s) for the lack of a relationship between these variables and re-infarction.
It should be noted that transient AF early after the infarction was a significant indicator of subsequent MI, although this arrhythmia was observed only in 50 (6.2%) of the studied patients. Few investigations have studied the relationship between recurrent MI and transient AF just after the first attack. Suarez et al observed no significant relation between mortality and previous AF, 25 but Petretta et al 26 compared the prognoses of 163 patients aged 40-69 years, with 112 patients older than 70 years, and showed a poorer 1-year prognosis and greater prevalence of AF in the elderly patients than the younger group. In the study by the Coronary Drug Project Research Group 23 in which the natural history of 2,789 patients who had recovered from MI was investigated, 40 variables were analyzed, but not AF. The prevalence of transient AF is somewhat underestimated in the present study. Because the ECG was continuously monitored in all patients with AMI for at least 4 days after admission, few cases would have escaped documentation of arrhythmias during their stay in the hospital; however, we could not estimate how many patients developed transient AF in the pre-hospital phase just after the onset of the attack.
Study Limitations
In this study, 108 patients were excluded from analysis because of an unknown cause of death and this number was almost double that of patients with apparent re-infarction. We suppose that because some of those 108 patients died from a second MI, that patient data would influence the results of this study.
The patients were recruited for 10 years from 1991 to 2000 and during this interval, methods of treatment for coronary heart disease, including coronary interventions and medications for hyperlipidemia and hypertension, changed dramatically. Although we observed a similar frequency of coronary interventions between re-MI and non-reMI groups, no data of the medications used during the follow up period were available and the treatment in this period would affect the prognosis of the patients.
In conclusion, transient AF, a history of a cerebrovascular accident and a low serum HDL-C/LDL-C ratio in patients who survived an AMI were important predictors of a recurrence of MI. The result suggests that more intensive treatment is needed to prevent a second episode of MI in the patients with these risk factors.
